Introduction
The diclofenac (2-[2,6-dichlorophenylamino]phenylacetate) is a pharmaceutical drug that can be used as a chemical ligand and has the coordinating ability for complexing several metal ions due to its carboxyl group. The studies of the stable metal complex can be used for different purposes, such as the obtaining metallic oxides to advanced materials (ceramics, glasses, among others) or to obtain new properties of application in biological functions [1] [2] [3] [4] . Thus, the thermogravimetry is a valuable technique for studying the thermal behavior of solid-state compounds of metal complexes, which are essential to synthesize complexes in the desired stoichiometry in several applications.
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Thus, as an extension of that works [5] [6] [7] , the aim of the current work is the study of the thermal behavior and obtaining the kinetics parameters to dehydration, phase transition, and thermal decomposition of Mn (II)-diclofenac complex (Mn(Diclof)2) in the solid-state. The investigations of the dehydration, the first thermal decomposition and a monotropic phase transition (exothermic reaction) of this complex were evaluated by thermogravimetry (TG), differential thermal analysis (DTA) and differential scanning calorimetry (DSC). In addition, to compare the thermal behavior obtained by TG and DSC curves, the analyses were carried out with two different sample sizes and under oxygen purge gas and static condition (without purge gas) 4, 5 . Nevertheless, the monotropic reaction stage (before and after this reaction) was also evaluated by X-ray powder diffraction (XRD) and scanning electron microscopy (SEM). Moreover, the calorimetric evaluation of the complex by DSC curves was carried out under two main conditions: samples in opened and crimped aluminum crucibles to obtain a comparison between the values of activation energy.
Kinetic Parameters -Nonlinear isoconversional method
The kinetic parameters to the thermal decomposition step of the complex were estimated by Capela-Ribeiro 8 nonlinear isoconversional method, using 4 th order rotational approximation of the temperature integral 9 . For a given conversion  (1)
where A is the pre-exponential factor, R is the gas constant, and g() represent the reaction mechanism.
Experimental
The experimental conditions to the preparation of Mn(Diclof)2 complex is like that previously described [5] [6] [7] . A stoichiometric mixing of Mn(II) chloride and potassium diclofenac aqueous soluitons was preapred with continuous stirring until total precipitation of the complex. The precipitate was filtered and washed with water up to the elimination of chloride ion. Then, the solid was dried at room temperature, macerated and stored in a desiccator over anhydrous calcium chloride up to constant mass.
The thermal analysis was performed by simultaneous TG-DTG and DTA using a TA Instruments 2960 SDT, in the 30-400 °C temperature range in open alumina reference and sample pans under a dynamic nitrogen purge gas (flow rate: 100 mL min -1 ), heating rates of 5, 10 and 20 °C min -1 and sample masses of 2 and 5 mg. The stoichiometry evaluation of the complex was obtained by TG curve, using a sample of 7.516 mg in an -Al 2 O 3 crucible, with a heating rate of 20 ºC min -1 in synthetic air purge gas with a flow of 100 mL min -1 . The kinetic evaluation was carried out by Capela and Ribeiro method 8 , and the curves were obtained using heating rates of 5, 10 and 20 ºC min -1 and sample masses of around 2 and 5 mg, following the ICTAC Kinetics Committee recommendation 10 . The X-ray diffraction patterns (XRD) were performed in a Siemens D-500 X-ray diffractometer using CuK radiation ( = 1.54056 Å) and settings of 40 kV and 30 mA.
The morphology study of this complex was performed by SEM, using a JEOL Scanning Electron Microscope, model JSM-T-330A at an accelerating voltage of 20 kV. The sample was covered with a thin and uniform layer of gold, by sputtering, using a vacuum evaporator.
Results and discussion

Thermal behavior
Simultaneous TG/DTG-DTA curves of hydrated Mn(Diclof)2 are shown in Figure 1 . The TG curve of the complex shows that the first mass loss of 2.65 % between 30 and 118 ºC, which can be attributed to the loss of one water molecule, corresponds to the broad endothermic event in DTA curve. The peak is seen in DTA curve between 155 and 182 ºC, having a maximum at 172 ºC, without corresponding mass loss in TG curve. Thus, the material was heated to a temperature immediately higher than the exothermic peak, rapidly cooled and then heated again to verify if this reaction is reversible or not, or if an oxidation reaction occurs. Based on the above information, the exothermic event was attributed to the monotropic phase transition. After heating up to 182 ºC, this monotropic transition was evaluated by XRD (see below Figure 2C ), where it is possible to observe the absence of diffraction lines, which can be attributed to a non-crystalline complex. Besides, Figure 1 shows that the complex has loss mass in three steps between 233 and 693 ºC. The first step has a mass loss of 40.02 %, and it is remarkable the presence of a weak endothermic event at 258 ºC. The presence of only one small endothermic event was attributed to the simultaneous reactions, which occur due to the thermal equilibrium between the exothermic and endothermic processes. The second and third steps of thermal decomposition occur between 355 and 693 ºC, and the mass loss is 47.23 %. For this process, two exothermic peaks were observed in DTA curve. The analysis of the final residue, after a total mass loss, is in agreement with the formation of Mn3O4, which was confirmed by XRD (residue of Mn 3 O 4 from TG: 89.56 % (obtained); 89.67 % (calculated)).
The XRD powder patterns of the complex are shown in Figure 2 (A-C). These analyses reveal that this complex may exist in three conditions: hydrated ( Fig. 2A) , dehydrated ( Fig 2B) and after the monotropic reaction (Fig. 2C) . On the other hand, when this analysis was made under nitrogen purge gas after the temperature interval of 182 ºC, (Figure 2 D) it was seen that under this condition the complex is also non-crystalline. SEM micrographs (Figure 3 A-C) show no significant difference in the morphology of the hydrated and dehydrated complex, and after the monotropic phase transition. Figure 4 shows the TG/DTG curves for 2 mg of Mn(Dicl)2.H2O recorded in a nitrogen purge gas, which is an example of the set curves obtained to extract the kinetic parameters. The analyses with 5 mg of the complex were not included due to the significant similarity with the curves in Figure 1 (mass losses are the same: 2 mg = 78.01 % and 5 mg = 78.30 %). These curves show that the mass loss occurs in two steps, being: 1 -the first mass loss attributed to the dehydration in a single stage in the range from 30 to 110 ºC and 2 -the thermal decomposition in the range between 190 and 290 ºC. The DSC curves (Figures 5 and 6) show the monotropic phase transition in a static air and oxygen purge gas. Both open and crimped lids aluminum crucibles conditions show the same exothermic event between 140 and 180 ºC, which is in agreement with DTA curve, as observed in Figure 1 . Another aspect seen on these curves is the difference of displacement in monotropic phase transition peaks under an oxygen purge gas ( Figure  5 ) when the mass of the sample was 5 mg. The peaks shift and became broader. However, under static condition (Figure 6 ), the peaks are very close to each other, for both masses of the sample, suggesting overlapping reactions. This fact shows that the alteration in the monotropic phase transition in this complex is due to the oxygen conductivity that is favored, while in static air, the reaction does not occur with the same velocity, leading to a broad peak. 
Kinetic behavior
The kinetic evaluation of dehydration and thermal decomposition was carried out from three TG curves, with two masses and only in nitrogen purge gas. The kinetic evaluation was also performed by three DSC curves under oxygen purge gas and static condition (without purge gas) [5] [6] [7] . 
Dehydration and decomposition stages
The association between the activation energy (Ea) versus conversion degree () values from dehydration and decomposition stages are shown in Figure 8 , and the values of activation energy are shown in Table 1 . For the dehydration step, the samples showed a tendency to maintain the same behavior. In fact, as the water loss is relatively small, the adjustment of the temperatures of the TG curves gives very close results, and therefore, the activation energy values are similar. It occurs when the displacement of the TG or DTG curves is not observed with varying the temperature.
For the thermal decomposition process, the activation energy has a similar behavior for both masses used, but in this case, there was the displacement of the TG curves, which shows that the amount of mass used makes no difference in the kinetic behavior. Also, as observed in DTG curves (Figure 4) , the thermal decomposition, for each heating rate, occurs in only one step, that is, without apparent overlapping reactions.
Monotropic phase transition step
The average activation energy values for the monotropic phase transition under static and oxygen purge gases are shown in Table 1 . Figure 9 depicts the activation energy versus conversion degree ().
As mentioned above about the behavior of DSC curves, the activation energy values under oxygen purge ( Figure 9B ) are smaller than in static condition ( Figure 9A ), but, show the same tendency in both conditions. This demonstrates that the kinetic reaction has the same behavior. In fact, the conductivity of the oxygen associate to the heat flow favors the reaction when compared to static air. This can be proved by the highest activation energy for this last condition using sample mass of 2 mg or 5mg, open or crimped lids aluminum crucible. Figure 9 , The calculated Ea/kJ mol -1 under static condition (without purge gas) (A) and oxygen purge gas (B) as a function of  for the monotropic phase transition
Conclusions
The thermal behavior of Mn(II)-diclofenac complex was studied with two sample masses as well as it was established the stoichiometry of this complex as Mn(Diclof)2.H2O. The thermal evaluation shows steps regarding dehydration, monotropic phase transition, and decomposition which could be evaluated from activation energy values. The results of activation energy for dehydration and decomposition steps showed that both samples have similar behavior for the different sample masses used in the assays. The kinetic evaluation of monotropic phase transition showed that activation energy is dependent on the experimental conditions. The XRD patterns show the non-crystalline form and SEM micrograph indicate no significant change in the structure before thermal decomposition.
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